The long-term human activities could influence land use/cover change and sustainability. As the global climate changes, humans are using more land resources to develop economy and create material wealth, which causes a tremendous influence on the structure of natural resources, ecology, and environment. Interference from human activities has facilitated land utilization and land coverage change, resulting in changes in land-use intensity. Land-use intensity can indicate the degree of the interference of human activities on lands, and is an important indicator of the sustainability of land use. Taking the middle and lower reaches of Shule River Basin as study region, this paper used "land-use degree (LUD)" and "human activity intensity (HAI)" models for land-use intensity, and analyzed the spatio-temporal variation of land-use intensity in this region from a multi-perspective. The results were as follows: (1) From 1987 to 2015, the land use structure in the study region changed little. Natural land was always the main land type, followed by semi-natural land and then artificial land. (2) The LUD in the study region increased by 35.36 over the 29 years. It increased the most rapidly from 1996 to 2007, and after 2007, it still increased, but more slowly. A spatial distribution pattern of "low land-use degree in east and west regions and high land-use degree in middle region" changed to "high land-use degree in east and middle regions and low land-use degree in west region". (3) The human activity intensity of artificial lands (HAI-AL) in the study region decreased from 1987 to 1996, and then increased from 1996 to 2015. The human activity intensity of semi-artificial lands (HAL-SAL) in the study region increased over the 29 years, and more rapidly after 1996.
Introduction
The unprecedented growth in the human population in the last centuries translates to escalated resource consumption, as manifested in relatively high rates of agriculture and food production, industrial development, energy production, and urbanization. These human enterprises lead to local land-use and land-cover changes [1] . Land use is one of the main ways through which human activities act on natural environment [2] . It directly reflects the relationship between human activities and environmental changes [1] [2] [3] . However, palaeoecological and palaeoenvironmental records show that land use changes are the main driving force of long-term changes in biodiversity, and in the stability and function of ecosystem services [4] [5] [6] [7] . They include land-cover change and land-use "Grain for Green Project", etc., which directly or indirectly influenced land use in Shule River Basin. Recently, a lot of research on Shule River Basin has been carried out from perspectives of land use/cover changes, quality of ecosystem, ecological and environmental effects and so on [37] [38] [39] [40] . Nonetheless, these studies do not consider spatio-temporal variation of land-use intensity and variation caused by immigration, national policies, technologies, and other human activities.
Taking Guazhou County and Yumen City at the middle and lower reaches of Shule River Basin as examples, the main objective of this article is to use "land-use degree (LUD)" and "human activity intensity (HAI)" models for land-use intensity on the basis of land type classification indexes, then analyze the spatio-temporal variation of land-use intensity from a multi-perspective, reveal the impact of human activities, especially socio-economic, national policies, and technologies on the change of land-use intensity, and clarify how the human activities influence land use/cover change. Generally, it is suggested to analyze the long-term variation of land-use intensity in the middle and lower reaches of Shule River Basin considering its long history. However, using remote sensing imagery, we mainly focused on the period , when human activities had the most significant influence on the variation of land-use intensity. The results could also reflect the long-term changes of land and environment. On the one hand, this study provides a new perspective for the study on the change of land-use intensity in arid and semi-arid areas; on the other hand, it has effectively revealed the spatio-temporal heterogeneity of land use intensity in arid and semi-arid areas, it helps to deeply understand the interactive pattern and eco-environmental effects of human beings and natural ecosystems and provides a scientific basis for the formulation of future sustainable land use policy in arid and semi-arid areas.
Overview of the Study Region

Natural Geography
Shule River is located between 92 • 11 E and 98 • 30 E and between 38 • 0 N and 42 • 48 N, at the westernmost of Hexi Corridor, a transition zone between Qinghai-Tibet Plateau and Alashan Plateau of Inner Mongolia. It is one of the three inland rivers in Hexi Corridor, and occupies an area of 100,000 km 2 . Shule River Basin has a temperate arid climate, with sufficient and strong solar radiation. Since this inland region is located far away from sea areas, it has only a little rainfall, with large temperature difference and strong evaporation. The annual average temperature is 7-9 • C. The annual average rainfall is less than 60 mm, but the evaporation amount reaches 1500-3000 mm. The rainfall is often concentrated in June-September, accounting for 80% of the rainfall in a whole year. The annual temperature difference ranges from 31.5 to 34.1 • C. The highest temperature exceeds 40.0 • C, and the lowest temperature is lower than −30.0 • C. Changma Valley and Shuangta Reservoir divide Shule River into upstream portion, midstream portion, and downstream portion. Specifically, the upstream portion is between the source and Changma Valley, the midstream portion is between Changma Valley and Shuangta Reservoir, and the downstream portion is portion at the downstream of Shuangta Reservoir. In the upstream region, Shule River has abundant water and flows rapidly through mountains that are steep. There are typical polar continental glacier and a large permafrost region. Thus, the upstream region is as the water source area. In the midstream and downstream regions of Shule River, the terrain is very flat. Oasis and desert coexists. Since Han Dynasty, there has been agricultural development and water conservancy construction in the middle and lower reaches of Shule River. Irrigated agriculture is well developed in Yumen City, Guazhou County, and Dunhuang City. The branches of Shule River include Yulin River, Shiyou River, etc. Four reservoirs, including Changma reservoir, Shuangta reservoir, Chijin reservoir, and Yulin reservoir, are built around Shule River, and they provide water for agricultural irrigation in three irrigation areas, including Changma irrigation district, Shuangta irrigation district, and Huahai irrigation district. In this paper, the region at the south of Yumen City and Guazhou County (94.81-98.25 • E; 39. 63-41.47 • N) was studied. The region is adjacent to Jinta County at its east and to Dunhuang City at its west, with an area of 27,160.2 km 2 ( Figure 1 ). region is adjacent to Jinta County at its east and to Dunhuang City at its west, with an area of 27,160.2 km 2 ( Figure 1 ). 
Social Economy
In 2015, the total population in Yumen City and Guazhou County was 289,800. Among them, agricultural population was 197,600, accounting for 73.76% of the total population. The GDP of this region was 17 
Data Sources and Research Methods
Data Sources
The data used in this paper came from four sources: (1) Remote sensing data. Landsat5 TM remote sensing images for 1987, 1996, 2007 , and 2015 were obtained from United States Geological Survey (USGS) website and Institute of Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences. The path/row of the images are 135/32, 136/31, 137/31, and 137/32, respectively. A total of 20 images were obtained for the four years. The images were taken in July or August when the vegetation coverage rate is the highest. The average cloud cover of the images was no higher than 10%, so the quality of the data can meet the requirements. (2) 
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Data Sources
Data Processing
Geometric correction and visual interpretation of the remote sensing images for 1987, 1996, 2007, and 2015 were performed. The classification results were checked according to the field survey data and land use survey data. Interpretation precisions (Kappa coefficient) were 0.752, 0.761, 0.861, and 0.865, respectively, all higher than the minimum allowable precision (0.7). ArcGIS10.2 (dissolve tool) was used to perform spatial overlap and field fusion of interpreted remote sensing data and vector administrative boundary of Guazhou County and Yumen City. Then, land use type data for Guazhou County and Yumen City were obtained. According to the requirements of this study, the interference of human activities on the lands, and the degree of difficulty of restoring natural lands, the lands were classified into four types: (1) Artificial lands. They are characterized by water impervious surface and can hardly restore a natural state. Typical example is urban construction land. (2) Semi-artificial lands. The topsoil is frequently disturbed, and they can be restored to natural state. Typical example is cultivated land. 
Research Methods
Land-use intensity indicates the degree of the interference of human activities on lands. The spatiotemporal variation of land-use intensity in the middle and lower reaches of Shule River Basin was analyzed from the perspective of "land-use degree (LUD)" and "human activity intensity (HAI)". LUD mainly reflects the breadth and depth of land use. It not only reflects the natural attributes of land, but also reflects the combined effect of human factors and natural environment factors. HAI reflects the impact of human economic and social activities on a certain geographical natural environment. First, land use process was analyzed. The land use structure and it changes were used to characterize LUD and its variation. Second, human activities were considered. The land-use intensity under the influence of human activities was analyzed. HAI and its changes were used to characterize the use intensity of single type of land and its variation.
Land-Use Degree (LUD)
According to the natural balance of land under the influence of social factors, LUD was classified into three grades, and a value was assigned for each grade (Table 1) . On this basis, LUD was calculated and used to indicate land-use intensity. The detailed method was explained as follows [41] .
where L a is the comprehensive LUD index of the study region, A i is the grading index of land type i in the study region, C i is the percentage of the area of land type i in the study region, and n is the number of land types. L a values can be classified into five groups: low land-use degree (L a < 125), relatively low land-use degree (125 < L a < 150), medium land-use degree (150 < L a < 175), relatively high land-use degree (175 < L a < 200), and high land-use degree (L a > 200). In the middle and lower reaches of Shule River Basin, human activities are mainly concentrated in artificial lands and semi-artificial lands. Thus, human activity intensity of artificial land and semi-artificial land were mainly analyzed.
(1) Human activity intensity of artificial lands (HAI-AL) HAL-AL includes breadth, depth, and frequency. In order to ensure the comparability of the three indicators, they were standardized and turned into dimensionless values. A combination of arithmetic mean method and geometric mean method were used to calculate HAL-AL.
where B i is HAL-AL, B g is the breadth of artificial land use, B s is the depth of artificial land use, and B p is the frequency of artificial land use. HAL-AL can be classified into five groups: low land-use intensity (B i < 0.075), relatively low land-use intensity (0.075 < B i < 0.15), medium land-use intensity (0.15 < B i < 0.225), relatively high land-use intensity (0.225 < B i < 0.3), and high land-use intensity
where S B is the total construction area (km 2 ), S is the total land area (km 2 ), G 23 is the added value of secondary and tertiary industries (10,000 Yuan), and P is the population.
(2) Human activity intensity of semi-artificial lands (HAI-SAL)
HAL-SAL was calculated according to investment per unit area of cultivated land. Investment includes labor force, agricultural machinery, fertilizer, and agricultural film. These indicators have different dimensions, which makes it difficult for comparison. Thus, the concept of "emergy" was introduced which is proposed by Odum [42] . Emergy is defined as available energy consumed by both direct and indirect manufacturing services and products, and it is usually quantified as the equivalent of solar energy and expressed as solar joules (sej) [42] .
where P i is cultivated land-use intensity (sej/km 2 ), S p is total cultivated area (km 2 ), L E is the emergy of labor force (sej), Q E is the emergy of agricultural machinery (sej), F E is the emergy of fertilizer (sej), and B E is the emergy of agricultural film (sej). The emergy values were obtained according to Odum [42] and Lan [43] . By using natural breakpoint method, HAL-SAL can be classified into five groups: low land-use intensity (P i < 50), relatively low land-use intensity (50 < P i < 100), medium land-use intensity (100 < P i < 200), relatively high land-use intensity (200 < P i < 300), and high land-use intensity (P i > 300).
(a) Emergy of labor force:
where T l is the conversion rate of the emergy of labor force (taken as 3.8 × 10 5 sej/J in this paper), C l is energy transformation coefficient for labor force (taken as 1.26 × 10 7 J/person), and N l is the total amount of labor force (persons). 
where T q is the conversion rate of the emergy of agricultural machinery (7.5 × 10 3 sej/J), C q is energy transformation coefficient for agricultural machinery (taken as 2.1 × 10 8 J/kg), N q is the total amount of input power of agricultural machinery (KW), Q is the mass-to-energy conversion coefficient (taken as 04.72 kg/KW), and 0.1 is depreciation coefficient.
(c) Emergy of fertilizer
where R N , R P , R K , and R F are the total use amounts of nitrogen fertilizer, phosphate fertilizer, potash fertilizer, and compound fertilizer (t), respectively; T N , T P , T K , and T F are the emergy conversion rates of nitrogen fertilizer, phosphate fertilizer, potash fertilizer, and compound fertilizer, respectively (taken as 3.8 × 10 15 sej/t, 3.9 × 10 15 sej/t, 1.1 × 10 15 sej/t and 2.8 × 10 15 sej/t, respectively).
(d) Emergy of agricultural film
where T B is the emergy conversion rate of agricultural film (taken as 3.8 × 10 14 sej/t) and N B is the total use amount of agricultural film (t).
Results
The Overall Characteristics of Land Use in the Middle and Lower Reaches of Shule River Basin
From 1987 to 2015, land use structure in the middle and lower reaches of Shule River Basin changed little ( Figure 2 and Table 2 ). Natural land was always the main land type, whose area accounted for more than 80% of the total land area, followed by semi-natural land, and then artificial land (area less than 1%). From 1987 to 2015, the area of oasis consisting of semi-natural land, semi-artificial land, and artificial land increased by 549.16 km 2 , with an average annual increase of 18.94 km 2 . From 1996 to 2007, oasis area increased the most, by 398.75 km 2 , accounting for 72.61% of the total increase in oasis area, with an average annual increase of 36.25 km 2 . After 2007, oasis area still increased, but more slowly, and the average annual increase decreased by 36.88% compared with that from 1996 to 2007. From 1987 to 2015, the artificial and semi-artificial land areas increased with increase in oasis area, whereas the semi-natural land area decreased. The semi-artificial land area increased more rapidly than artificial land area, by 977.96 km 2 over the 29 years with an average annual increase of 33.72 km 2 . Especially from 1996 to 2007, the semi-artificial land area increased by 593.61 km 2 , accounting for 60.70% of the total increase, with an average annual increase of 53.96 km 2 .
After 2007, the artificial land area increased rapidly, by 46.40 km 2 from 2007 to 2015, accounting for 51.69% of the total increase, with an average annual increase of 5.80 km 2 . total increase in oasis area, with an average annual increase of 36.25 km 2 . After 2007, oasis area still increased, but more slowly, and the average annual increase decreased by 36.88% compared with that from 1996 to 2007. From 1987 to 2015, the artificial and semi-artificial land areas increased with increase in oasis area, whereas the semi-natural land area decreased. The semi-artificial land area increased more rapidly than artificial land area, by 977.96 km 2 over the 29 years with an average annual increase of 33.72 km 2 . Especially from 1996 to 2007, the semi-artificial land area increased by 593.61 km 2 , accounting for 60.70% of the total increase, with an average annual increase of 53.96 km 2 . Figure 3 ). There was a transition of LUD from relatively low level to medium level. Especially, LUD increased the most rapidly from 1996 to 2007, by 24.17, accounting for 68.35% of the total increase. After 2007, LUD still increased, but more slowly. From 1987 to 2015, the LUD of the towns in the study region also increased. In the four years, the LUD of Yumen Town was always the highest, with an average intensity of 209.73, indicating high land-use intensity. The LUD of Suoyang Town was always the lowest, and was 111.64 in 2015, indicating low land-use intensity. Over the 29 years, the LUD of Yaozhanzi Town increased the most, by 67.42, with an average annual increase of 2.32. Following Yaozhanzi Town, Liuhe Town, Sandaogou Town, Huangzhawan Town, and Huahai Town also experienced significant increases in LUD, which 40 .82, accounting for 60.55% of the total increase (newly constructed towns were not included). In the same period, the increase in the LUD of Hedong Town accounted for 91.5% of its total increase.
Spatial Variation of LUD
In order to study the spatial distribution of LUD on town scale, the study region was divided into three irrigation areas: Huahai irrigation district, Changma irrigation district, and Shuangta irrigation district. On this basis, the difference in LUD among three irrigation areas can be observed (Figure 4) . In 1987, the development of land was slow. Except Yumen Town, with relatively high land-use degree, other towns had low or relatively low land-use degree. Among the three irrigation areas, Changma irrigation district in the middle of the study region had relatively high land-use degree, whereas the other two irrigation areas had relatively low levels of land development. In 1996, Huahai and Shuangta irrigation districts experienced obvious changes in LUD. Yumen Town in Changma irrigation district experienced a transition from relatively high land-use degree to high land-use degree. Sandaogou Town, Liuhe Town, and Huangzhawan Town experienced a transition from relatively low land-use degree to medium land-use degree. For the study region, there was a distribution pattern of "low land-use degree in east and west regions, and high land-use degree in the middle region". From 1996 to 2007, the LUD increased significantly and the spatial distribution of LUD changed the most evidently than in other periods. In 2007, the LUD of Changma irrigation district was the highest, with concentrated regions of medium or high land-use degree. Huahai irrigation district experienced a transition from low land-use degree to relatively low land-use degree, and the LUD of some towns even reached relatively high or high levels. In Shuangta irrigation district, all the towns except Suoyang Town, had low or medium land-use degree. From 2007 to 2015, the LUD of the study region further increased. Changma irrigation district and the region of Huahai irrigation district at the north of Chijin reservoir experienced significant changes in LUD. The LUD of 95% of the towns reached medium or high levels, showing a spatial distribution pattern of "high land-use degree in east and middle regions and low land-use degree in west region". included). In the same period, the increase in the LUD of Hedong Town accounted for 91.5% of its total increase.
In order to study the spatial distribution of LUD on town scale, the study region was divided into three irrigation areas: Huahai irrigation district, Changma irrigation district, and Shuangta irrigation district. On this basis, the difference in LUD among three irrigation areas can be observed (Figure 4) . In 1987, the development of land was slow. Except Yumen Town, with relatively high land-use degree, other towns had low or relatively low land-use degree. Among the three irrigation areas, Changma irrigation district in the middle of the study region had relatively high land-use degree, whereas the other two irrigation areas had relatively low levels of land development. In 1996, Huahai and Shuangta irrigation districts experienced obvious changes in LUD. Yumen Town in Changma irrigation district experienced a transition from relatively high land-use degree to high land-use degree. Sandaogou Town, Liuhe Town, and Huangzhawan Town experienced a transition from relatively low land-use degree to medium land-use degree. For the study region, there was a distribution pattern of "low land-use degree in east and west regions, and high land-use degree in the middle region". From 1996 to 2007, the LUD increased significantly and the spatial distribution of LUD changed the most evidently than in other periods. In 2007, the LUD of Changma irrigation district was the highest, with concentrated regions of medium or high land-use degree. Huahai irrigation district experienced a transition from low land-use degree to relatively low land-use degree, and the LUD of some towns even reached relatively high or high levels. In Shuangta irrigation district, all the towns except Suoyang Town, had low or medium land-use degree. From 2007 to 2015, the LUD of the study region further increased. Changma irrigation district and the region of Huahai irrigation district at the north of Chijin reservoir experienced significant changes in LUD. The LUD of 95% of the towns reached medium or high levels, showing a spatial distribution pattern of "high land-use degree in east and middle regions and low land-use degree in west region". (2) Spatial variation of HAL-AL From 1987 to 2015, the difference in HAL-AL between towns and between irrigation areas became more and more evident ( Figure 5 ). In 1987, Huahai and Changma irrigation districts mainly had high HAL-AL, whereas Shuangta irrigation district had low or relatively low HAL-AL. From 1987 to 1996, the HAL-AL decreased in general. HAL-AL in Huahai irrigation district and Changma irrigation district decreased from low or medium levels, to low or relatively low levels. In Shuangta irrigation district, HAL-AL changed little, except that HAL-AL of Guazhou Town decreased from medium level to relatively low level. From 1996 to 2007, HAL-AL increased. Changma irrigation experienced the greatest change in HAL-AL. HAL-AL in most towns in Changma irrigation district increased from relatively low levels to relatively high or high levels. The HAL-AL in Huahai irrigation district also increased, from relatively low level to medium level. As a comparison, Shuangta irrigation district experienced the smallest changes in HAL-AL. From 2007 to 2015, the spatial distribution of HAL-AL tended to be stable, reflecting a pattern of "high HAL-AL in east and middle regions and low HAL-AL in west region".
Spatio-Temporal Variation of HAL-AL and HAL-SAL in the Middle and Lower Reaches of Shule River Basin
Spatio-Temporal Variation of HAL-SAL (1) Temporal variation of HAL-SAL
From 1987 to 2015, the HAL-SAL in the study region increased with fluctuation ( Table 3 ). The HAL-SAL and their changes were different between towns ( Figure 6 ). In 1987, the HAL-SAL was low in all towns. The HAL-SAL was the highest in Guazhou Town (110.70 × 10 15 sej/km 2 ), and the lowest in Qingquan Town (48.96 × 10 15 sej/km 2 ). Except Nancha Town and Guazhou Town, all other towns had HAL-SAL lower than 100 × 10 15 sej/km 2 . The average intensity of semi-artificial land use was only 71.29 × 10 15 sej/km 2 . From 1987 to 1996, the HAL-SAL increased rapidly, and the average values increased to 125.76 × 10 15 sej/ km 2 , by 76.41%. The HAL-SAL of Sandaogou Town was 228.04 × 10 15 sej/km 2 , far higher than the average value and 3.11 times of that of Chijin Town (which was the lowest). From 1996 to 2007, the HAL-SAL of towns (except Yumen Town, Chijin Town, Qingquan Town, Sandaogou Town, Suoyang Town, and Yaozhanzi Town) decreased. In 2007, the average value was 158.33 × 10 15 sej/km 2 , increased by 25.89% compared with that in 1996. Only five towns had HAL-SAL higher than the average value. In 2015, the average value was 211.51 × 10 15 sej/km 2 , increased by (Table 3) . The HAL-SAL and their changes were different between towns ( Figure 6 ). In 1987, the HAL-SAL was low in all towns. The HAL-SAL was the highest in Guazhou Town (110.70 × 10 15 sej/km 2 ), and the lowest in Qingquan Town (48. (2) Spatial variation of the HAL-SAL
The HAL-SAL in the middle and lower reaches of Shule River Basin increased over the 29 years, but there was difference in the intensity between irrigation areas (Figure 6 ), which was due to natural and social economic factors. In 1987, all areas, except Nancha Town and Guazhou Town in Shuangta irrigation district, showed relatively low intensity of semi-artificial land use. From 1987 to 1996, Xihu Town in Shuangta irrigation district experienced a transition from low intensity to relatively high intensity of semi-artificial land use. The west and south parts of Changma irrigation district experienced a transition from low to medium intensity of semi-artificial land use. The HAL-SAL in Huahai irrigation district changed little. From 1996 to 2007, the HAL-SAL in three irrigation areas fluctuated, and the intensity basically followed the order: Shuangta irrigation district > Changma irrigation district > Huahai irrigation district. In Shuangta irrigation district, the HAL-SAL in all towns reached medium or higher levels. Notably, the HAL-SAL in some towns decreased. For example, Xihu town in Shuangta irrigation district experienced a transition from relatively high intensity to medium intensity of semi-artificial land use. The HAL-SAL in Huangzhawan Town and Changma Town in Changma irrigation district decreased from medium level to relatively low level. Liuhu Town and Xiaojinwan Town were newly constructed, and they showed relatively high intensity of semi-artificial land use. From 2007 to 2015, the HAL-SAL in three irrigation areas increased. This was especially true for Shuangta irrigation district, Huahai irrigation district, and the west part of Changma irrigation district, accounting for 71.1% of the total area of semi-artificial land. The HAL-SAL in the east part of Changma irrigation district was relatively low. The overall distribution pattern was of "high HAL-SAL in east and west regions and low HAL-SAL in middle region". (2) Spatial variation of the HAL-SAL The HAL-SAL in the middle and lower reaches of Shule River Basin increased over the 29 years, but there was difference in the intensity between irrigation areas (Figure 6 ), which was due to natural and social economic factors. In 1987, all areas, except Nancha Town and Guazhou Town in Shuangta irrigation district, showed relatively low intensity of semi-artificial land use. From 1987 to 1996, Xihu Town in Shuangta irrigation district experienced a transition from low intensity to relatively high intensity of semi-artificial land use. The west and south parts of Changma irrigation district experienced a transition from low to medium intensity of semi-artificial land use. The HAL-SAL in Huahai irrigation district changed little. From 1996 to 2007, the HAL-SAL in three irrigation areas fluctuated, and the intensity basically followed the order: Shuangta irrigation district > Changma irrigation district > Huahai irrigation district. In Shuangta irrigation district, the HAL-SAL in all towns reached medium or higher levels. Notably, the HAL-SAL in some towns decreased. For example, Xihu town in Shuangta irrigation district experienced a transition from relatively high intensity to medium intensity of semi-artificial land use. The HAL-SAL in Huangzhawan Town and Changma Town in Changma irrigation district decreased from medium level to relatively low level. Liuhu Town and Xiaojinwan Town were newly constructed, and they showed relatively high intensity of semi-artificial land use. From 2007 to 2015, the HAL-SAL in three irrigation areas increased. This was especially true for Shuangta irrigation district, Huahai irrigation district, and the west part of Changma irrigation district, accounting for 71.1% of the total area of semi-artificial land. The HAL-SAL in the east part of Changma irrigation district was relatively low. The overall distribution pattern was of "high HAL-SAL in east and west regions and low HAL-SAL in middle region".
Discussion and Conclusions
Discussion
Land use intensity reveals the extent to which human activities affect natural ecosystems. Revealing the spatio-temporal variation of land-use intensity is the key to monitoring the influences of land use changes on society and the environment, and to identifying the driving factors of land use changes. The driving factors interact with and restrict each other. They function together in the process of exploitation and utilization of land resources, leading to the spatial differentiation of land use intensity [6] . Shule River Basin is an oasis-desert ecosystem in arid area, where scarce water resources and low vegetation coverage are the main characteristics influencing its sustainable development. Meanwhile, because of the double pressure of population growth and rapid economic development, the ecosystem is very fragile, and the land utilization structure can reflect the ecological environmental problems in arid area [44, 45] . With the development of society and advancement of technology, the land utilization has been transformed from natural exploitation to complex management model. In other words, driven by economic benefits, more investment has been put into machinery, fertilizer, and technology for agricultural land, new crop types are planted, and new management measures are adopted. Besides, a large number of buildings and water conservancy facilities have been constructed. Trees and grass have also been planted to improve the property of land that can hardly be utilized. All of these lead to increase in the degree and complexity of land utilization, which will inevitably affect regional ecological environment and its response to global changes [46] .
Impacts of Socio-Economic Factors on Land-Use Intensity
Population plays an important role in the process of land use, and it is the most dynamic factor influencing land use. Population growth directly leads to land use changes. Specifically, it influences the way and intensity of land use by influencing the demand for food, housing, and products [18, 30, 47] . First, population growth will inevitably lead to increase in the demand for food. One way to solve this problem is to expand cultivated land area. Meanwhile, population growth will also result in growing demand for housing and living environment. In order to meet these demands, humans will expand land for living, transportation, public service facilities, and exploit unutilized land, leading to the transformation of land use types [48, 49] .
From 1987 to 2015, the population has increased sharply in the middle and lower reaches of Shule River Basin, from 232.213 to 289.813 thousand, by 24.81%. Among them, the immigrant population accounted for a large proportion. With the increase of population and the change of lifestyle, some families are gradually changed from large ones into smaller ones, and the total number of households has increased from 56,550 in 1987 to 87,436 in 2015. In terms of population composition, the agricultural population was 129.531 thousand in 1987, accounting for 55.78% of the total population, and 148.926 thousand in 2015, accounting for 51.39%. Although the proportion has decreased, the population structure mainly composed of agricultural population has not changed yet. In the background of population growth, household increasing, and dominated agricultural population, the demand for food, clothing, housing, and transportation will inevitably increase [37] . First, in order to meet the demand for food, the increased agricultural production caused by the cultivation of virgin land is the most significant, in addition to that brought by trade input and the advancement of technology. This explains the continuous expansion of arable land in the middle and lower reaches of Shule River Basin. Second, the increasing population and households have led to the expansion of construction land in both rural and urban areas. Especially in rural areas, the new comers often build new homes to meet their housing demand, thus increasing the area of construction land. Third, the transfer of population from villages to towns has driven the development of tourism and other industries in the region, promoted the improvement of infrastructure and the progression of urbanization, accelerated the transformation of land use mode, and increased the land use intensity [50] .
Additionally, socio-economic activity is the basis for the existence and development of regions, and is a very important human activity. Economic growth, industrial restructuring, urbanization, and industrialization are all factors influencing the land-use intensity in Shule River Basin, and their influences have increased significantly in recent 30 years. Economic growth causes the adjustment of regional industrial structure and the change of land input, further influencing the total amount and structure of land demanded. In fact, different industrial structures require different lands [51] . The economic development and life quality improvement promote urbanization and industrialization, which accompany the socio-economic development and promotes non-agricultural land use by means of population and industry concentration, as well as the expansion of urban industrial and mining land [15, 49, [51] [52] [53] . At the same time, urbanization and industrialization cause the change of lifestyle and value concepts, which leads to changes of the original land use structure, and then affects the land-use intensity [54] .
Impacts of Policy Factors on Land-Use Intensity
Land use intensity has a significant relationship with the policy. However, this impact is often overlooked [55, 56] . In the past 50 years, the Chinese government has repeatedly put forward the policies concerning local development and protection in the Shule River Basin to realize local development and meet the social demands [37, 57, 58] . As a macroscopic and external force, policy directly or indirectly influences human behavior in the process of implementation, affecting land use [59] [60] [61] [62] [63] .
The inland river of arid area not only nourishes watershed creatures, and maintains ecological stability, but also provides an important guarantee for social and economic development [29, 37] . As the global climate changes, interference from human activities has exacerbated the regional land use and land coverage, which influences the intensity of land use. However, human activities are mainly affected by the policies as the result of natural background superimposition and artificial influence [38] . From the investigation of three inland river basins in the Hexi Corridor of Gansu Province, development intensity of land resources is different from east to west (Shiyang River development and utilization up to 171%, Hei River development and utilization rate to 92%, Shule River development and utilization rate to 75%), the contradiction between "man and land" also gradually gets slow from the east to the west [39, 40, 60] . A comprehensive survey of human development process is made in three inland rivers in Gansu Province, we found a large-scale migration development in Shiyang River and Hei River except historical period (especially Han, Tang, Ming and Qing). Meanwhile, no large-scale immigrant development in the two major basins is constructed, and land resources are in a state of incremental development after the founding of the People's Republic of China. On the contrary, large-scale migration development in the middle and lower reaches of the Shule River basin has been carried out under the promotion of national policies [38, 39, 44, 45] . "The comprehensive development project for agricultural irrigation and resettlement in the Shule River" lasted 10 years, and was initiated in 1996, which was the most recent and largest organized migration to the basin [37] . During the implementation of this 10-year project, 1.848 billion Yuan were invested, 62,000 people immigrated to and settled down in Shule River Basin, forest area increased by 42.19 km 2 , and cultivated land area increased by 142.12 km 2 . Additionally, the areas of infrastructure, public service facilities, and residential land for immigrant housing are also increasing, with expected increases of 5.62 hm 2 in ten years due to a large number of immigrants. Large-scale immigration and land development changed the ways of land use [37] [38] [39] [40] . Artificial and semi-artificial lands gradually replaced some part of the natural and semi-natural lands. The original water circulation and the original hydrological ecosystem of oasis were disturbed. Moreover, almost all surface water was channeled to farming area for agricultural production. This changed the natural distribution of water resources and the ecological environment which relies on water circulation.
From 1996 to 2007, the development of all the towns was promoted. Changma irrigation district and Huahai irrigation district were the main regions that underwent development. This period was a transition period for the land development and utilization in the middle and lower reaches of Shule River Basin. It can be attributed to the implementation of the "Integrated Development of Agricultural Irrigation and Immigrant Settlement in Shule River Basin (1996-2006)". Until 31 December 2006, 6 new towns and 46 new villages were built. A total of 62,000 immigrant people settled down in the study region, mainly in Changma irrigation district and Huahai irrigation district. The population in these two irrigation areas accounted for 61.14% and 23.67%, respectively, of the total population in the study region. Total investment reached 1.971 billion Yuan, aiming to support the construction of Changma Reservoir and immigrant settlement. About 93.68% of the investment was spent on agricultural development. After 1996, the implementation of policies such as "Reconstruction of Hexi", "Western Development", "Construction of New Countryside" led to further land development and utilization in the study region. National policies can help solve some practical problems, but they might lead to changes in land use, vegetation coverage, and ecosystem [64] .
Above results and our field investigation indicate that 1996 was the key year for artificial and semi-artificial land use in the study region [44, 45] . After 1996, HAI increased more rapidly. Before 1996 Before (1987 Before -1996 , the development of social economy in Shule River Basin was slow. Urbanization and industrialization lagged. Population mainly increased in rural regions, so the urban construction area did not expand too much [37] . After 1996, because of the implementation of policies such as "Integrated Development of Agricultural Irrigation and Immigrant Settlement in Shule River Basin (1996-2006)", "Reconstruction of Hexi (1997)", and "Western Development (2000)", as well as the progression of industrialization and urbanization, the population increased rapidly and gradually transferred to urban areas. This led to the expansion of the urban construction area and increase in HAL-AL [37] [38] [39] 44] . Meanwhile, because of the immigrant project, people's needs for food and profits increased. In order to obtain more agricultural output, farmers increased agricultural input and improved food production per unit area of cultivated land. Also, farmers continuously cultivated virgin soils and increased income by expanding the cultivated land area. It can be seen that national policies have indirect, but the most significant influences on the semi-artificial land use intensity.
Impacts of Technological Factors on Land-Use Intensity
Technological progress is a fundamental factor that determines land-use intensity and environmental change in a region. Particularly, the progression of agricultural science and technology has an important influence on land utilization and ecological environment evolution, as it can effectively improve the efficiency of agricultural production and promote the change of land use type [30, 44] . This is mainly shown in the following aspects:
In 1987, the amount of fertilizer used in Yumen City and Guazhou County was only 5831.05 t and was 39,408.08 t in 2015, with a total increase by 5.76 times, and an increase in the amount of fertilizer used per unit area by 35.12 t. The amount of agricultural film used was 1017.5 t in 1996 and 4228.8 t in 2015, which was 4.16 times of the former, with the amount of agricultural film used per unit area increasing by 2.62 t. The increasing amount of fertilizer and agricultural film used per unit area has promoted the growth of crops, improved crop yield and land output, promoted agricultural development, and increased the income level of farmers. Increased investment in fertilizer, agricultural film, and other aspects has led to the continuous development of agriculture, which can provide strong economic and technical support for the further development and utilization of land resources, thus promoting the full utilization of land resources [65] .
In 1987, the total power of agricultural machinery used in Yumen City and Guazhou County was only 67.7 × 10 4 KW, which increased by 10.16 times to 755 × 10 4 KW in 2015. Technological advances have driven the modernization of agricultural machinery, effectively improved the efficiency of agricultural production, and saved a lot of human and financial resources. On this basis, the potential of land resources can be fully exploited, and the transformation of non-agricultural land to agricultural land is accelerated, leading to increase in cultivated land area [66] . Additionally, due to the wide application of machinery in agricultural production, the surplus labor force in rural areas will increase, and the transfer of surplus labor force will affect the use intensity of artificial land to a certain extent. Some research demonstrates that the transfer of rural labors can lead to an "N" shape change of the utilization intensity of cultivated land [26] . The transfer of surplus labor force can result in higher income level of farmers, more intensive utilization of artificial and semi-artificial land, and changes of land-use intensity.
Conclusions
Taking Guazhou County and Yumen City at the middle and lower reaches of Shule River Basin as the study region, this paper analyzed the spatio-temporal variation of LUD and HAI. The results might provide insights into the theory of land use changes in inland river basin in Hexi Corridor. The results were as follows:
(1) From 1987 to 2015, the land use structure in the middle and lower reaches of Shule River Basin changed little. Natural land was always the main land type, accounting for more than 80% of the total land area, followed by semi-natural land, and then artificial land (less than 1%). The semi-artificial and artificial land areas increased with increase in oasis area, while the semi-natural land area decreased gradually. It should be pointed out that the spatio-temporal variation of land-use intensity is caused by socio-economic, policy, and technological factors. It is a multi-scale and multi-dimensional process with interaction between humans and land. Therefore, the selection of a multi-perspective in the construction of land-use intensity evaluation system reflects the multi dimensions and characteristics of land-use intensity. In addition, all land use types were considered, on which basis a more systematic assessment of the impact of different land use types and intensities on the ecological environment can be ensured. Still, much attention was paid to the use intensity of artificial land and semi-artificial land, so that we could analyze, in depth, the causes of land use changes and the influences of human activities.
